Study Design: Retrospective review of medical charts and radiographic data.
Introduction
Cervical spondylotic myelopathy (CSM) may result from spinal cord compression and/or disturbed blood supply due to degenerative changes or instability of the cervical spine. 1 Laminoplasty is a surgical procedure commonly used to treat CSM in Japan. In addition to key factors such as disease pathology, number and location of vertebral levels involved, bone quality, and smoking status, presurgery assessment should carefully consider 2 aspects: (1) cervical alignment, (2) cervical spinal canal diameter, and (3) presence of cervical spine instability such as spondylolisthesis. Such aspects, especially cervical alignment, may have a critical effect on prognosis. Indeed, several clinical studies reported poor surgical outcomes of laminoplasty due to preoperative malalignment, [2] [3] [4] suggesting that cervical alignment is a key factor for good surgical outcomes after cervical laminoplasty. Therefore, it is essential to adequately evaluate cervical alignment prior to cervical spine surgery.
Currently, the conventional imaging approach to evaluate global sagittal spinal alignment before surgery involves the use of whole-spine lateral radiographs, especially in patients with spine disorders such as CSM and in patients with spinal deformities. Whole-spine lateral radiographs are generally taken with clavicle positioning. 5, 6 To date, several studies have reported the surgical outcomes of cervical laminoplasty that employed whole-spine lateral radiographs to assess cervical alignment. [7] [8] [9] [10] [11] [12] Nevertheless, other studies have suggested that cervical alignment has little effect on the outcomes of surgery for degenerative cervical myeloptahy. 13 Thus, it is important to clarify whether posture-associated characteristics (including cervical alignment) may explain the discrepancies among previous observations.
Meanwhile, cervical lateral radiographs, which are also commonly used in the management of cervical spine conditions, are taken with the patient in a relaxed sitting position [14] [15] [16] or in standing position [17] [18] [19] [20] with the arms on either side of the body, which provides optimal posture to evaluate cervical sagittal alignment. However, there is no consensus regarding the optimal radiographic positioning for lateral views of the cervical spine, and various approaches are used in clinical practice. Evaluation of cervical alignment on sitting radiographs is necessary in some patients with CSM, who cannot stand unaided. To date, the exact correspondence between sitting and standing lateral radiographs in terms of cervical alignment remains unclear. Therefore, we aimed to clarify the differences in cervical alignment findings between sitting cervical lateral radiographs and standing whole-spine lateral radiographs with clavicle positioning in CSM patients.
Methods

Ethics and Patient Consent
This study was approved by the institutional review board of our hospital, and all patients agreed to undergo the procedures and investigations described below. As this was a retrospective study, the requirement for informed consent from the patients to be included in the analysis was waived by the review board.
Study Participants
We retrospectively reviewed the clinical data of 110 consecutive patients who underwent cervical surgery for CSM between September 2012 and December 2015 at our hospital. We excluded cases involving a history of spinal surgery, trauma, ossification of the posterior longitudinal ligament, atlantoaxial subluxation, difficulty to conduct accurate radiographic measurements due to the shadow of the shoulder, or inability of the patient to stand independently or to achieve adequate clavicle positioning. In total, 50 cases were included in our analysis. All patients were evaluated first on sitting cervical lateral radiographs (with the arms on either side of the body) and then on whole-spine lateral radiographs with clavicle positioning.
Radiographic Evaluation
In our study, patients were always asked to look straight ahead, and we used a mirror to help the patients maintain their gaze at the same level throughout the measurement. First, the cervical lateral radiograph was taken with the patient sitting and holding the head in a comfortable resting position while maintaining a horizontal gaze, with the arms extended and hands on either side of the body (Figure 1a) . Subsequently, the whole-spine lateral radiograph with clavicle positioning was taken with the patient standing and looking straight ahead, holding the elbows and wrists fully flexed and the fingers placed into the ipsilateral supraclavicular fossae, without any external support (Figure 1b) . 21 The distance between the X-ray tube and the film was 1.5 m 14, 16, 22 for the sitting radiograph and 1.8 m 18, 23 for the standing radiograph, per the protocol described in other studies. All measurements were made using a digital tool available on the hospital's image viewing system (SYNAPSE V4.1.3; Fuji Photo Film, Co Ltd, Japan). The following parameters were measured on each lateral radiograph ( Figure 2 ). Anteroposterior head movement was evaluated in terms of the angle between an imaginary vertical line and a line joining the center of gravity of the head (CGH) and the center of the C7 vertebral body (CGH-C7 angle). Superoinferior tilting of the head was evaluated in terms of the McGregor angle (ie, the angle between the McGregor line and a horizontal line). For all patients, the CGH was considered to lie at the anterior margin of the external auditory canal. 12, 17 Cervical sagittal alignment was evaluated using the C0-2 angle and the C2-7 angle. For the C2-7 angle, both the Cobb angle and the Gore angle were measured. 24, 25 We employed both methods because, although the Cobb method is often used, some reports have indicated that the standard error of measurement is smaller for the Gore method than for the Cobb method. 26 The cervical sagittal range of motion (ROM) was assessed by measuring the difference in alignment (Cobb C2-7 angle) between the flexion and extension views. Furthermore, the slope between a horizontal line and a line parallel to the superior endplate of T1 (T1-slope) was also evaluated. 27, 28 For all measurements, lordosis was considered as positive and kyphosis as negative. All radiographs were independently reviewed by 2 authors who are experienced spine surgeons.
Statistical Analyses
Statistical analyses were performed using IBM SPSS Statistics, version 24 (SPSS Inc, Chicago, IL). The paired t test was used to compare continuous variables. Pearson's correlation coefficient was used to determine the correlation among radiographic parameters. Statistical significance was set at P < .05. Reliability was graded in terms of the intraclass correlation coefficient (ICC), according to previously described semiquantitative criteria: excellent, 0.9 to 1.0; good, 0.7 to 0.89; fair/moderate, 0.50 to 0.69; low, 0.25 to 0.49; and poor, 0.0 to 0.24. 29 
Results
Demographics
The mean age in this patient series was 66.5 years (range ¼ 31-87 years). Of the 50 patients in the series, 26 were male and 24 were female. Among the 50 patients included, 9 had singlelevel compression, 6 had 2-level compression, 16 had 3-level compression, and 19 had involvement of 4 levels or more. Furthermore, 3 patients had spondylolisthesis, whereas 5 patients had hypertrophy of the ligamentum flavum.
Occipito-Cervical Parameters
The inter-and intraobserver reliability for all radiographic measurements was graded as good to excellent (ICC > 0.7), with most measurements having excellent reliability ( Table 1) . The CGH-C7 angle was significantly smaller when measured on standing radiographs with clavicle positioning than when measured on sitting radiographs (mean ¼ 3. ; P ¼ .129) did not differ between the 2 radiographic positioning schemes. However, the T1-slope was smaller on standing radiographs with clavicle positioning than on sitting radiographs (mean ¼ 19.4 vs 27.8 ; P < .001; Table 2 ). The cervical ROM, which was measured in terms of the Cobb C2-7 angle, was 39.4 + 13.3 (mean + standard deviation).
Correlations Among Radiographic Parameters
The Tables 3 and 4) .
Discussion
To date, cervical sagittal alignment has generally been evaluated on either sitting [14] [15] [16] or standing radiographs. [17] [18] [19] [20] Although careful assessment of preoperative cervical alignment is very important in cervical spine surgery, it remains unclear whether the findings of cervical sagittal alignment for these 2 radiographic positioning schemes are equivalent. In our study, we found that using clavicle positioning for whole-spine radiographs resulted in a substantially decreased T1-slope and CGH-C7 angle compared with the values obtained for sitting radiographs, suggesting that the head is more posteriorly tilted when using clavicle positioning. Furthermore, the McGregor angle was greater when using clavicle positioning. Our present results indicate that radiographic positioning affects the head position but not the C0-2 angle or the C2-7 angle. This difference in cervical alignment findings between sitting and standing radiographs should be kept in mind during surgical planning. While such a conclusion might be expected, it should be noted that not all clinical papers mention the posture used for cervical spine radiographs. 30, 31 Previous studies reported that a greater T1-slope yielded a greater magnitude of cervical lordosis, 18, 32 which is in agreement with our present results in that the C2-7 angle (Cobb and Gore) correlated significantly with the T1-slope (sitting, r ¼ 0.539 and r ¼ 0.604, respectively; standing with clavicle positioning, r ¼ 0.400 and r ¼ 0.353, respectively). However, we found that the T1-slope was lower when using clavicle positioning (sitting, 27.8
; standing with clavicle positioning, 19.4 ; P < .001). Park et al 18 analyzed the differences in cervical sagittal alignment between standing cervical lateral radiographs and whole-spine lateral radiographs in healthy adults, reporting that the use of clavicle positioning for whole-spine radiographs was associated with a substantially lower T1-slope and more posterior position of the head, which translated into a less lordotic cervical sagittal alignment (relative to findings on regular standing cervical radiographs). These previous findings are in agreement with our present results in that clavicle positioning was associated with a substantially lower T1-slope and a posterior tilt of the head. However, we found no difference between the 2 radiographic positioning schemes regarding cervical sagittal alignment (C0-2 and C2-7 angles).
Machino et al 19 reported that, compared with asymptomatic individuals, symptomatic patients with CSM have significantly smaller lordotic angles and reduced ROM. In their study, C2-7 ROM was 39. 4 in CSM patients and 55.3 in asymptomatic subjects. We obtained similar findings in this series of CSM patients (C2-7 ROM, 39.4
; Table 5 ). Since our study included only patients with CSM, the similarity of cervical sagittal alignment angles (C0-2 and C2-7) between the 2 radiographic positioning schemes (sitting vs standing with clavicle positioning) may be explained by the limited ROM associated with CSM.
We found that the McGregor angle was higher when using clavicle positioning (sitting, 0.3 ; standing with clavicle positioning, 4.7 ; P < .001), which suggests that clavicle positioning may force patients to adopt an upward gazing position of the head. In our study, patients were always asked to look straight ahead and we used a mirror to help them maintain their gaze in the appropriate direction throughout the measurement. However, our data indicates that the head position was upward gazing for whole-spine radiographs (relative to the head position for sitting radiographs), which is reflected in 2 key findings regarding clavicle positioning, namely, the substantially lower T1-slope and posterior tilt of the head without changes in cervical sagittal alignment angles. Since cervical alignment did not compensate for the head tilt, maintaining clavicle positioning may have forced the patients to adopt an upward gaze, which was confirmed by the increased McGregor angle (Figure 3) .
Whole-spine lateral radiographs can be taken with the patient holding the arms in various positions, 33, 34 but clavicle positioning is considered superior as it offers better visualization of the thoracic spine, which in turn allows for better assessment of global spinal alignment. 21, 35 Several studies have reported on the changes in cervical spine alignment secondary to postural variations during radiography. 18, 23 To the best of our knowledge, the present study was the first to evaluate the differences in cervical alignment between sitting cervical lateral radiographs and whole-spine lateral radiographs.
The CGH-C7 SVA (sagittal vertical axis) is frequently used to evaluate the position of the head relative to the cervical spine. 12, 17 However, in different hospitals, cervical radiographs are taken using setups that involve different distances between the X-ray tube and film, 14, [18] [19] [20] 22, 23, 27 which diminishes reproducibility because the CGH-C7 SVA is affected by magnification error. 22 Instead, we used the CGH-C7 angle, defined as the angle between an imaginary vertical line and the line joining the CGH and the center of the C7 vertebral body. The CGH-C7 angle is a more objective parameter because it does not vary with the distance between the patient and the X-ray tube.
The current study has several limitations. First, we only included patients with CSM; we did not include healthy subjects in order to avoid unnecessary exposure to ionizing radiation. Prospective studies with large samples of CSM patients and healthy individuals are warranted to clarify the effect of CSM on cervical alignment. Second, we only evaluated radiographic parameters measured with the patient sitting while holding the arms extended on either side of the body, as well as those obtained with the patient standing while holding the arms and wrists flexed, with the fingers placed into the ipsilateral supraclavicular fossae. Future studies should clarify the effect of arm positioning on cervical alignment. Third, the sample size was relatively small. Fourth, because the sample size was small, we could not conduct subgroup analysis based on disease pathology. Fifth, we did not evaluate the alignment further than T1, which did not allow us to consider a possible compensatory change derived from the thoracolumbar region.
Conclusion
Despite its limitations, our study demonstrated that clavicle positioning may result in a significantly lower T1-slope and a posterior tilt of the head, which, in the absence of a compensatory change in cervical sagittal alignment, may force patients to adopt an upward gazing position of the head. Thus, when evaluating cervical alignment before surgery, we should keep in mind the effect of posture on the radiographic appearance of cervical alignment.
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